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The LEP Dataset
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Mediation of SUSY breaking

18
M,~10 GeV

SUSY breaking can be communicated
down to the visible sector via:

HIDDEN SECTOR
SUSY

\ Gravity

: low energy

+ flavour blind

(?
MESSENGER SECTOR FONC!
NoxD M

SUGRA

JF~10" GeV S

JE ~10*-10° GeVv

G / SU(3)xSU(2)xU(L)

~ Nl
m(}—2'4<100 TeV) eV

meg ~few TeV

VISIBLE SECTOR
Supersymmetric

Xy LSP

M,,,~ 100 GeV

Standard M odel

Gauge Mediated SUSY Breaking

Six parameters to define minimal GMSB models:

SUSY breaking scale in the messenger sector
number of messenger pairs

messenger mass scale

universal mass scale of SUSY particles

ratio of Higgs vacuum expectation values

sign of Higgs sector mixing parameter
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GMSB phenomenology

- 10 ,
[ | G is the LSP: N )
10_2 eV g m(} fs 3 keV 8 | non-pertubative i
[] 7
X! —1G < L
5 I
NLSP = ~ ~ -
¢ —IG ‘T
3  I—
[l 7r and 7, mix =—> 71 NLSP 21— i
(large tan /8) 1 5 6 7 8 9 10 11 12 13 14
10* 10° 10° 10" 10° 10° 10"°10"10% 10" 10
M (GeV)
[] Decay length of the NLSP: 10G,o(/FITeV)
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E 100 ') - ger (vVs=208 GeV) 1
5 = t— L=1mm
m ~ 2 °
CT ~ 0.01 100 GeV ( G ) cm 5 80 [ — L=10cm ]
K~ MNLSP 2.4 eV < 0 o
| — L =100m
(k=1 for £ NLSP) .
60 |- .
Signatures depend on the NLSP ’
type and NLSP decay length 40 ]
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Many different topologies! of H
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v NLSP

[1 Two acoplanar v

Short y lifetime: c7 < 1 cm
o Alsoete™ — )Z(lj(} — 'yéé and eTe” — é(}'y

e Suffer irreducible bkg: eTe™ — viy(y) >
[0  Non pointing ~(s)

YISR < Mé ~ 107% eV

Medium Y lifetime: c¢7 ~ £yctector

e Require impact parameter > 40 cm
e Impact parameter reconstructed from the EM shower axis

e Bkg: v~y (vy) + cosmic rays — bremsstrahlung from out-of-time muons
ALEPH

Efficiency

acoplanar photons

non-pointing single photons

U
20

yBer (m)

P
15

O If ¢7 > laetector: Indirect limits from ‘standard’ ¢ and T searches
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Y NLSP: No lifetime

Topology: two acoplanar photons pointing to the vertex and I

e Look for two high energy photons and p} _ preliminary
‘é 0.14{ ALEPH DELPHI L3 OPAL
e Use as discriminant: recoil mass against & 130<V5<200 GeV
Q 0.12 7 — Observed
the photon system . - Expected
.
-
® -~ -
e CDF event 2e+2v+F ruled out = 008 - m@ = 20m(x) —
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50
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Y NLSP: Medium lifetime

X1 v

. . e+ -

Topology: Non pointing photon(s) 5 G

(unlikely that both x decay inside the detector) vy
-

X9 G

e Reconstruct impact parameter from EM shower axis (¢p > 40cm)

e Good agreement in total number of events:
ALEPH (189-209 GeV): 2 obs./1.0 exp.
DELPHI(130-209 GeV): 16 obs./14.6 exp.

(mg, = 1.1 my and X is bino)

R
. DELPHI Preliminary ECM=192-209 < 100 ALEPH
= T P — o
£ 14 = e'e —xIx)— GyGy >
B —— m(x9) = 60 Gevic? S . Vs = 189-209 Gev
12 f‘\‘ ) €
L o 0y — =
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l —
i N , £ 8
- — m(x)=90Gevic o
0.8 - <
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0.6 ~
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04 |- _— 60
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r 50
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Mean Decay Path, m ct (m)
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¢ NLSP

~

Short 7 lifetime: ¢t < 1 cm

[1 2 acoplanar ¢/ + K

e Major bkg.: WW production, vy processes

Medium / lifetime: ¢7 ~ fqetector | 1 kinks + large IP

e Look for large Impact Parameter tracks (1 < L < 40 cm)

and kinked tracks (10 < L < 200 cm)

e Major bkg.: cosmic rays, vy and decays of K? (large IP) and K+ (kinks)

Long /¢ lifetime: ¢ > £getector

[1 Heavy Stable Ch. part.

e Two back to back particles: highly ionising tracks

DecayLength
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¢ NLSP: Prompt decay

Topology: ete™ — ZEZ;% — (¢~ GG (acoplanar leptons)
e Identical to EEZE — 0t X0%) with Mo ~ 0 in SUGRA
e Search for two identified leptons and £
e No excess seen ...—> set limits:

Vs = 183-208 GeV ADLO Preliminary

=
Q
=)
\
13
—+

ADLO lower limits @ m, =0

(GeV/c?)

me msz §><
obs 99.6 85.9 |
60/
exp 99.2 89.8 f

- — Observed
[ Expected

~ Excluded at 95% CL

L (H=-200 GeV/c?, tanB=1.5)

"5 60 70 80 9. "002

(GeV/c )
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¢ NLSP: Long lifetime

Topology: Heavy Stable Charged particles
e Look for two back—to—back tracks

e with anomalous high or low dF /dx

e High efficiency (~ 90%)
& very low SM bkg
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Slepton mass combined limits
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¢ NLSP: Cascade decays

X / to benefit from larger
Study ete”™ — yx with 4</@ ©

N (x 2) cross section
Topology: Final state with 4 lepton/tau + £

e Search for two energetic and two soft £
] also new searches with lifetime: kinks or large IP

e xs decay independently — six selections: ee, nu, 77, €n, €T, T
[l Strong dependence on AM=m, -m;

e No excess = 95% C.L. limits on production cross section:

OPAL Preliminary vs= 189 - 209 GeV

1
L
> [ m - m Gevid) ALEPH
g : gg i SZ Vs=208 GeV g for Pair-Produced)EI ()a_, F[I)for alct£3m o
T ~ o~ . Fo T T T T T T T T T T T T T T T T T T § . Q
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w 1 «— t 008 T
o 90 | B O
> g 007 =~
] O 8 f ] 0.06
0.61 o 1 ™ 005
1 € 70F ]
large IP + kinks E ] g'g:
] selection 60 | E 0'02
0.4 50 & . ﬂ 1 ™ oo1
1 ST T I S O BT R B = 0
50 60 70 80 %0 100
1 m =) (GeV/cd)
O% 77 selection, /s=189-209 GeV
] prompt decay . ; .
| eelection 4¢ + B large dg and kinks:
o] LA S A: 22 obs./16.5 exp. A: 5 obs./5.3 exp.
-1 2 3
10 1 10 10 10 D: 15 obs./11.6 exp. 0: 5 obs./5.4 exp.
Slepton decaylength (Cm) O: 5 obs./5.0 exp.
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Other possibilities (DO)

Charginos with ¢ NLSP | ete™ — )d')zl_ — 0t v - ¢4 GG

e Look for 2 ¢ + K like in SUGRA. Different kinematics in lifetime case
e m_: > 952 GeV/c? at 95% C.L. for AM > 0.3GeV/c?
1

YYY
997

Sgoldstinos |ete”™ — Sy —

e For ultralight G (< +/F very small) — G is mainly goldstino
e Search for its heavy SUSY partner: Sgoldstino S (+ monochr. =)

e Not seen = exclude vV F — mg plane for different gaugino mass values

DELPHI /5=189-202 DELPHI /s=189-208
DELPHI PRELIMINARY
_~1000
a £ B T TR e ™ Ty el ?g
2 100 m(grav) > 1 keV 0 M1 M2 M3 2gamma 2g
3 P P g- 1) 200 300 400 4% 96%
-~ S0 m(grav) > 100 eV 800 2) 350 350 350 11% 89%
(i 3
i "F 700
85t all m(grav) -
80"
= 500
75
F 400

75 80 85 b 95

r>0.5m,

not allowed by theory

", S0 M 1 AV e K (A v O v S o e o Y
20 40 &0 80 100 120 140 160 180

m, (GeV)
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GMSB Interpretation

Perform scan over parameter space, eg:
Combine:

[1 all topologies and all lifetimes

[ LEP1 exclusion

[ MSSM /7 & ¥+ limits

0 Higgs limits from (my,,sin?(8 — a))

10% < Mpess < 102 GeV
0.1 <mg < 10° eV
1 < A <min(~/F, M) TeV
1.5 < tan g < 40
1< N5 <5
sign(pu)==1

Absolute (indirect) lower mass limit on the NLSP:

Mnrsp > 54 G‘reV/c2 (independent of lifetime)

short lifetimes (mé < 10 eV)
ALEPH Vs=189-209 GeV

NE 175 N§175
> >
@/150 @150
4 105 @ 125
= —_—

b 100 = 100

75 7
- 1G] //

501

25 LEP1

long lifetimes (mé > 1 keV)

ALEPH

Vs=189-209 GeV

E /NLSPIimit

,,,,,, T ///// /J//
=

25 50 75 100 125 150 175
X mass (GeV/cZ)

o=
0]

25 50 75 100 125 150 175
X mass (GeV/cZ)
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A controls the mass scale
of SUSY particles

it on A

Vs=189-209 GeV

any lifetime

[]

GMSB Interpretation
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Conclusions

[1 | No hint for alternative SUSY at LEP

[1 Many different topologies have been studied up to the

highest energies in GMSB scenarios
[J Now covering all lifetimes and most of the parameter space

[0 (almost) Independent limits on the NLSP mass and the

gravitino mass are set
[1 Still working on final results and combinations

[ The quest is now open to Tevatron and LHC: good hunt!

Visit: http://lepsusy.web.cern.ch/lepsusy for updates
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Extral: Stau limit with searches
ADLO Preiminary

Vs = 189-209 GeV
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8 3
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Extra2: Tevatron reach and LEP impact

Scan in GMSB parameter space following
Dimopoulos, Thomas, Wells, Nucl. Phys. B488 (1997) 39

Example: N=2, medium M, > 0, short lifetime

8507\‘\\.\\.‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\7 J. Quian, hep-ph/9903548 v2:
\%/ : Preliminary : N =2, % =3, tanB3 =15 p > 0
A L \~ i
0 o . A(Tev)
I > & f 20 30 40 50 60 70 80 90 100
T T T T T
i i 4 Stau NLSP
0 < |
i S & » - 103}
* NG :
L _\S\) &\'0 \‘@_ Q§ N o
20 Ay - S 21
7 | 5% o Short-[i
B J rt-
C | ] B | 'Ved NLSP
i LL\\L\\\JJ: . L% :D (/Q,_)\
107 i <E —I
- excluded 1 10 | 3% 2
I hotons | o ; ,
L \(\p\ | ‘ \)\ [ ‘ i e | ‘ ] ‘ ] 55 e o] l O B 8 % Quw-aab’e NLSP
10 20 30 J 40 50 60 /0 . | = % 30 fb
A (TeVic? T~
tan() =15 [ ( ) )
2 | | | | | | | |
A>35.5TeVic 100 150 200 250 300 350 400 450
Chargino Mass (GeV)
50 discovey reach vs 95%CL exclusion
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